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Measurements of mitral and aortic valve flows were ob-
tained with two-dimensional Doppler echocardiography 
in 25 patients with isolated mitral (n = 19) or aortic (n 
= 6) regurgitation and regurgitant fraction was calcu-
lated as the difference between the two flows divided by 
the flow through the regurgitant valve. Results were 
compared with measurements of regurgitant fraction de-
termined by combined left ventricular angiography and 
thermodilution. Regurgitant fraction averaged 56 ± 18% 
(range 19 to 79) by Doppler echocardiography and 48 
Accurate determination of the severity of aortic or mitral 
regurgitation is important in the evaluation of medical ther-
apy or timing of surgical interventions. Although physical 
examination remains the standard method for diagnosing 
these lesions, it is limited in the assessment of their severity. 
The qualitative I + to 4 + classification of the severity of 
regurgitation by angiography is likewise limited and may 
provide misleading results (1,2). Methods for measuring 
regurgitant volume and regurgitant fraction have included 
use of ventricular volumes, indicator-dilution techniques 
and gated radionuclide angiography (3-5). Routine serial 
evaluation, however, is limited in the former two methods 
because of their invasive nature, and frequent repeat ex-
aminations in the latter are limited because of the use of 
ionizing radiation and inaccuracies arising from overlap of 
cardiac structures (5). 
Doppler echocardiography is a noninvasive technique that 
allows accurate detection of valvular regurgitation (6). Re-
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± 17% (range 13 to 72) by angiography. A significant 
correlation was observed between the two methods (r = 
0.91; SEE = 7%). In contrast, no significant correlation 
was found between regurgitant fraction measured by 
either method and the angiographic 1 + to 4 + quali-
tative classification of regurgitation. Doppler echocardi-
ography appears to be an accurate method for the non-
invasive quantification of severity of regurgitation in 
isolated left-sided valve lesions. 
(J Am Coil CardioI1986;7:1273-8) 
cent studies (7,8) have validated its use in measuring cardiac 
flow through the mitral and aortic valves. Preliminary stud-
ies in our laboratory (7,9) demonstrated the feasibility of 
determining regurgitant fraction with Doppler echocardi-
ography derived as the difference between the aortic and 
mitral valve cardiac outputs divided by the cardiac output 
of the regurgitant valve. 
The purpose of this investigation was to compare the 
regurgitant fraction from Doppler-derived measurements of 
mitral inflow and aortic outflow with the angiographic stan-
dard in patients with isolated aortic or mitral regurgitation 
and to compare the Doppler and hemodynamic-angiographic 
measurements of regurgitant fraction with the qualitative 
angiographic estimates of severity of regurgitation. 
Methods 
Study patients. The clinical population consisted of pa-
tients with either isolated aortic or mitral regurgitation 
undergoing diagnostic cardiac catheterization. Criteria for 
inclusion in the study included the presence of sinus rhythm, 
absence of concomitant mitral or aortic stenosis and tech-
nically adequate left ventricular angiograms as well as Dop-
pler and two-dimensional echocardiograms for quantitative 
analysis. Of 28 patients who met the clinical criteria, 3 were 
excluded because of suboptimal left ventricular opacification 
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during angiography. No patient was excluded because of 
inability to obtain the echocardiographic measurements. 
The remaining 25 patients consisted of 16 men and 9 
women, ranging in age from 18 to 76 years. Nineteen pa-
tients had mitral regurgitation and six aortic regurgitation. 
The etiology of the regurgitation included rheumatic heart 
disease in eight, mitral valve prolapse or flail mitral valve 
in six, infectious endocarditis in three, coronary artery dis-
ease with papillary muscle dysfunction in three and aortic 
dissection in two; it was unknown in three patients. All 
patients were studied prospectively with the Doppler and 
two-dimensional echocardiographic examinations per-
formed within 24 hours of cardiac catheterization. 
Doppler and two-dimensional echocardiographic ex-
amination. Doppler and two-dimensional echocardiograms 
were obtained using a Hewlett-Packard phased array system 
equipped with a 2.5 or 3.5 MHz transducer, an Electronics 
for Medicine/Honeywell sector scanner equipped with a 2.25 
or 3.5 MHz mechanical transducer or an Advanced Tech-
nology Laboratory Mark 600 sector scanner equipped with 
a 3.0 MHz mechanical transducer. All systems have mov-
able Doppler cursors and utilize fast Fourier transform spec-
tral analysis of the returning frequencies to provide graphic 
presentation of the frequency shifts. These are converted 
into velocity (V) by solving the Doppler equation: 
(C) aF 
V= , 
2 (fo)(Cos 0) 
where C = velocity of sound in blood (l ,540 rnls), ~F = 
Doppler shift, fo = emitting frequency of the transducer 
and () = angle of incidence between the sound waves and 
flow. In the present investigation, () was considered to be 
zero because the sound waves were oriented near parallel 
to the blood flow (Cos of 0 = 1.0). 
Patients were examined in the left lateral decubitus po-
sition using the parasternal long-axis and apical four cham-
ber views. Recordings of the aortic outflow and mitral inflow 
velocity were obtained as previously described (7,10). Si-
multaneous Doppler signals and an electrocardiographic lead 
were obtained at 100 mrnls for further Doppler analysis and 
determination of heart rate. 
Doppler and two-dimensional echocardiographic 
measurements and calculations. The methods for deriv-
ing mitral inflow and aortic outflow have been previously 
-described in detail (7,10). Briefly, the time-velocity integral 
or area under the Doppler velocity curve obtained at the 
level of the aortic and mitral anuli were measured in at least 
five cardiac cycles for each valve, respectively, by digitizing 
through the contour of the darkest portion of the velocity 
profile using a Digisonics EC-200 graphic analyzer. The 
diameter of the aortic anulus was measured using the para-
sternal long-axis view just proximal to the points of insertion 
of the aortic leaflets during early ejection, one or two video 
frames after maximal systolic leaflet separation. The di-
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ameter of the mitral anulus was measured from the apical 
four chamber view two or three frames after mitial maximal 
opening of the anterior leaflet as the distance from the lateral 
inner edge to the medial inner edge of the anulus just below 
the insertion of the mitral leaflets. Cross-sectional areas were 
obtained assuming a circular geometry for both valve anuli 
as 7Tr2 , where r represents half of the anular diameter. Aortic 
outflow was derived as the product of the aortic time-ve-
locity integral, aortic anulus area and heart rate; mitral in-
flow was determined as the product of the mitral time-
velocity integraL mitral anulus area and heart rate. Regur-
gitant flow was derived as the difference between mitral and 
aortic flow. Regurgitant fraction was calculated as regur-
gitant flow divided by the respective regurgitant valve flow 
and expressed as percent. 
Angiographic examination. Quantitative assessment of 
regurgitation. All patients underwent right heart catheter-
ization for determination of thermodilution cardiac output 
and left heart catheterization for determination of angio-
graphic cardiac output using the Sones or Judkins technique. 
Left ventricular cineangiograms were obtained in the 30° 
right anterior oblique view with the injection of 40 to 60 
ml of meglumine diatrizoate at held midinspiration. A 1 cm 
grid was filmed to correct for magnification. End-diastolic 
(largest cavity silhouette) and end-systolic (smallest cavity 
silhouette) volumes were calculated using the single plane 
area-length method of Sandler and Dodge and corrected for 
overestimation using the Kennedy regression formula (11,12). 
Volumes were obtained during sinus rhythm from cardiac 
cycles not preceded or followed by premature ventricular 
complexes. All angiograms were of adequate quality for 
tracing the ventricular cavity contour. The angiographic heart 
rate was determined as an average of three to four angio-
graphic cardiac cycles during sinus rhythm. Angiographic 
cardiac output was determined as the left ventricular stroke 
volume multiplied by the angiographic heart rate. Forward 
cardiac output was determined using the average of three 
measurements using the thermodilution technique. Regur-
gitant flow was calculated as the difference between angio-
graphic and thermodilution cardiac output, and regurgitant 
fraction as regurgitant flow divided by angiographic output 
and expressed as percent. 
Qualitative assessment of regurgitation. Aortic root an-
giograms were performed in the 45° left anterior oblique 
position in patients with aortic insufficiency. The angio-
graphic severity of aortic and mitral regurgitation was clas-
sified as follows: I + , dye clears the receiving chamber (left 
ventricle or left atrium) with each cardiac cycle; 2 + , dye 
partially clears the receiving chamber with each cardiac 
cycle; 3 + , dye progressively opacifies the receiving cham-
ber so that it equals the opacification of the injected chamber 
or vessel; and 4 + , dye rapidly opacifies the receiving cham-
ber within one or two cardiac cycles and the opacification 
becomes greater than in the injected chamber or vessel. 
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The cineangiograms were independently examined by 
three observers unaware of the Doppler results. In three 
instances, disagreement in the grading between the observ-
ers was resolved by a conference where a final consensus 
of the grading was obtained. 
Reproducibility studies. In a previous study from this 
laboratory (7), aortic and mitral valve flows were found to 
be very similar in the absence of regurgitant lesions but not 
always identical, and thus a false regurgitant fraction could 
be calculated which averaged 9 ± II %. To evaluate this 
further and assess reproducibility of the method, data from 
patients with dilated cardiomyopathy who were studied se-
rially in our laboratory were analyzed. These patients were 
selected from a group of patients with cardiomyopathy fol-
lowed up prospectively in our laboratory because of the 
absence by Doppler echocardiography of mitral or aortic 
regurgitation and the availability of two Doppler studies at 
a 3 month interval. Both studies were performed by the 
same technician with the same instrument and a false re-
gurgitant fraction was determined as the difference between 
mitral and aortic valve flows divided by the larger of the 
two flows. Reproducibility studies in patients with regur-
gitant lesions could not be performed because it could not 
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be determined whether an observed change was real or in-
duced by the errors of the method. 
Analysis of data. Correlation of Doppler and angio-
graphic measurements of regurgitant fraction was done by 
linear regression analysis. To correlate the I + to 4 + an-
giographic classification of regurgitation with the quanti-
tative assessment, the Doppler and angiographic regurgitant 
fractions within each classification were compared by chi-
square analysis. The false regurgitant fractions obtained at 
different times were compared with the Student t test for 
paired variables with significance established at a probability 
(p) value less than 0.05. 
Results 
Individual results are listed in Table 1. For the group as 
a whole, the average heart rates did not differ significantly 
during the Doppler and angiographic studies (84 versus 81 
beats/min, respectively). 
Doppler versus angiographic regurgitant fraction. A 
significant correlation was observed between regurgitant 
fraction by Doppler and angiographic methods (r = 0.91; 
SEE = 7%) (Fig. I). Regurgitant fraction by the Doppler 
Table 1. Clinical, Catheterization and Doppler Data in 25 Patient~ 
Cath Doppler 
Age (yr) R Flow R Flow AnglO RF Doppler RF 
Case & Sex MR/AR (lIters/min) (hters/mm) (0/[ ) ('7c) Est Regurg 
I 67M MR 0.68 I 18 I3 32 
2 33M MR .+.40 550 37 57 
3 61M MR L17 L05 18 19 
4 51M MR 234 734 38 55 '2 
5 49M MR 4.26 5 30 53 67 2 
6 51F MR 14 16 900 n 78 2 
7 58F MR 6 12 593 62 73 2 
8 57M MR 485 6 10 41 51 3 
9 76F MR 234 621 40 51 3 
10 49M MR 470 870 46 63 3 
II 18F MR 7.20 690 67 67 3 
12 63M MR 5 19 1270 60 79 3 
I3 63F MR 340 498 45 55 3 
14 64M MR 3.87 5 12 43 51 4 
15 29F MR 669 7.52 63 70 4 
16 66M MR 902 10.66 65 70 4 
17 21F MR I3 20 969 79 79 4 
18 21F MR 5 10 970 57 69 4 
19 29M MR I LOO 7.06 64 69 4 
20 37F AR 389 2.48 39 39 '2 
21 27M AR 800 5.70 57 67 3 
22 44M AR 200 on 30 19 3 
23 36M AR '296 2.79 29 37 3 
24 40M AR 301 245 29 24 3 
25 39M AR 3.65 626 36 49 4 
Angio = angiographlC. AR = aortic regurgltatton. Cath = cathetenzation: Est Regurg = cmeanglOgraphlc 
esttmate of regurgitation: F = female. M = male: MR = mitral regurgitation: R Flow = regurgitant flow; 
RF = regurgitant fractIOn. 
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Figure 1. Correlation between regurgitant fraction (RF) by Dop-
pler echocardiography and by angiography (Angio). The solid line 
represents the line of regression and the interrupted lines the 95% 
confidence limits. R = correlation coefficient; SEE = standard 
error of the estimate. 
method averaged 56 ± 18% (range 19 to 79) and, although 
slightly larger, was not significantly different from that mea-
sured by angiography (mean 48 ± 17%; range 13 to 72%). 
Absolute measurement of regurgitant flows by the Dop-
pler method also correlated significantly (p = 0.(01) with 
the hemodynamic-angiographic method but with a lower 
correlation coefficient of 0.62. Although not significant, the 
average regurgitant flow by the Doppler method (6.04 ± 
3.09 liters/min) was slightly higher than that obtained by 
angiography (5.33 ± 3.48 liters/min). 
Comparison of regurgitant fractions with the angio-
graphic 1 + to 4 + classification demonstrated considerable 
overlap of results, particularly between the 2 + and 4 + 
classification (Fig. 2). At best, an imperfect separation was 
observed between 1 + (angiographic regurgitant fraction 
::;25%) and the remaining grades of regurgitation. 
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Table 2. Reproducibility Study in II Patients 
With Cardiomyopathy 
"RF" (%) "RF" (%) 
Patient No I 2 
20 (M) 20 (M) 
2 IS (M) 13 (Ao) 
3 \3 (Ao) 12 (Ao) 
4 31 (M) 19 (M) 
5 20 (M) 20 (M) 
6 10 (M) 10 (M) 
7 20 (M) 16(M) 
8 I (Ao) 20 (Ao) 
9 19 (M) 14 (Ao) 
10 12 (M) 31 (M) 
II 12 (Ao) 30 (Ao) 
Mean ± SD 15.7 ± 7.6 18.6 ± 6.8 
A false regurgitant fraction CRF") was derived by comparing mitral 
and aortic flows at two different times (1 and 2) (see text). The letters in 
parentheses indicate which of the two flows was greater. Ao = aortic; 
M = mitral. 
False regurgitant fractions. The false regurgitant frac-
tions obtained in the 11 patients with cardiomyopathy during 
the two serial examinations are listed in Table 2 and av-
eraged 15.7 ± 7.6% and 18.6 ± 6.8%, respectively (p = 
NS). Mitral flow was greater than aortic flow in 8 of the 
11 patients during the first examination and in 6 of the 11 
during the second examination. 
Discussion 
Qualitative assessment of aortic or mitral regurgitation 
by Doppler echocardiography has been extensively de-
scribed. However, the correlation with the angiographic 
assessment of severity of regurgitation is quite variable 
(13-15). Our study validates the use of Doppler echocardi-
ography to quantitate regurgitant fraction in isolated mitral 
• • 
t t 
Figure 2. Relation of regurgitant fraction (RF) mea-
sured angiographically (Angio) in A, and by Doppler 
! echocardiography in B, to the qualitative angio-
graphic estimate of severity of regurgitation. 1 = 
mild; 2 = moderate; 3 = moderately severe; 4 = 
severe regurgitation. Open circles and vertical lines 
0 indicate mean ± SD. 
0 
3 4 
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or aortic regurgitation as the difference between the aortic 
outflow and mitral inflow divided by the flow through the 
respective regurgitant valve, This technique is noninvasive, 
does not depend on assumptions of ventricular geometry for 
determination of ventricular volume and is thus potentially 
ideal for serial quantitative evaluation of regurgitant fraction 
and assessment of medical therapy designed to decrease the 
severity of regurgitation. 
Limitations of Doppler method. Theoretically, in the 
absence of aortic or mitral regurgitation, the regurgitant 
fraction calculated by the Doppler method should be zero, 
In a previous study from our laboratory (7), an excellent 
correlation was observed between aortic outflow and mitral 
inflow in a group of 20 patients with normal aortic and 
mitral valves, However, some differences were observed 
between the two flows that resulted in calculation of a re-
gurgitant fraction of 9 ± 11 %. In the 11 patients with 
cardiomyopathy studied for reproducibility in the present 
investigation, we found an average regurgitant fraction of 
15.7 ± 7.6%, which did not change significantly during 
the second examination and was within 20% in the majority 
of patients. The mitral flow was more frequently greater 
than the aortic. Patients with cardiomyopathy represent a 
good test model for the method of determining regurgitant 
fraction because they frequently have a reduced cardiac 
output and thus, the differences between mitral and aortic 
flows are accentuated when expressed as a fraction. It there-
fore appears that a 20% regurgitant fraction can be fre-
quently seen in normal valves by Doppler echocardiog-
raphy, The potential sources of error in Doppler flow 
calculations have been previously discussed (7); the most 
common ones are those associated with measurements of 
the aortic or mitral anulus cross-sectional area, Measure-
ments are, however, fairly reproducible from one time to 
another, suggesting that in an individual patient, a serial 
change in regurgitant fraction of 20% or greater can be 
considered significant 
Limitations of angiographic method. A similar false 
angiographic regurgitant fraction of up to 20% has also been 
reported (4) in normal patients as a result of errors inherent 
in the methods of measuring left ventricular volumes and 
forward cardiac output In addition, the accuracy of the 
angiographic technique may be altered by changes in hemo-
dynamic variables between measurements. However, de-
spite the limitations of both methods, a good correlation 
was observed between Doppler and angiographic measure-
ment of regurgitant fraction, suggesting that both techniques 
could differentiate accurately the multiple grades of regur-
gitation, Furthermore, the good correlation of regurgitant 
fractions occurred in the presence of a less than optimal 
correlation of measurements of regurgitant volumes, sug-
gesting that errors with both techniques occurred more often 
unidirectionally, thus having less of an effect on the ratio 
of forward to total cardiac output. 
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Regurgitant fraction versus qualitative angiographic 
classification. In contrast to the results observed with the 
quantitative methods, no significant correlation was found 
between measurements of regurgitant fraction and the 1 + 
to 4 + angiographic classification of severity of regurgita-
tion, a finding that has been previously noted (4). Although 
widely used clinically, the 1 + to 4 + classification is flawed 
with inaccuracies. Errors in visually estimating the degree 
or severity of regurgitation owing to faulty placement of a 
catheter or to premature ventricular complexes are technical 
causes that may lead to unreliable interpretation when grad-
ing the severity of regurgitation, Insufficient or low pressure 
injection of contrast material into a large ventricle, poor 
systolic function or the presence of a large left atrium may 
lead to underestimation of the severity of mitral regurgita-
tion. Similarly, insufficient or low pressure injection of con-
trast medium into an aortic root or regurgitation into a large 
ventricle can also lead to underestimation of the severity of 
aortic regurgitation. 
Potential application in mixed regurgitant lesions. 
The Doppler technique described in this investigation was 
restricted to isolated aortic or mitral regurgitation using only 
flows from the normal and the regurgitant valve, However, 
it should also be possible to quantify regurgitant fraction 
using pulmonary or tricuspid flow as forward output, both 
of which have been recently validated (16,17). Kitabatake 
et al. (18) recently reported accurate determinations of aortic 
regurgitant fractions using the pulmonary flow measured by 
the Doppler method as forward output. In patients with 
combined aortic and mitral regurgitation, this approach should 
allow calculation of the regurgitant fraction for each valve, 
thus providing for the first time a clinical assessment of the 
contribution of each regurgitant lesion to the volume load 
of the left ventricle. 
We acknowledge Kenneth Inouye, MD for referring patients for this study 
and Jannet F. Lewis. MD for techmcal assistance. We also thank Carolyn 
M. Ferrante for expert secretarial assistance. 
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